The aim of this study was to perform a morphometric evaluation of the resin-root canal dentine interface of four "etch and rinse" adhesive systems. Forty human teeth were restored through a fiber post insertion using: Group 1: XP Bond adhesive; Group 2: Prime & Bond NT; Group 3: Surgi Prime Bond adhesive; Group 4: Scotchbond Multi-Purpose Plus. Two cross-sections (apical and coronal) were obtained and analyzed in morphological confocal laser scanning microscope. The numbers of resin tags (RT) and the thickness of the hybrid layer (HL) were evaluated. Quantitative variables were tested by a Shapiro-Wilk test. Parametric variables by an Anova test. Group 4 produced the thickest HL and Group 1 showed the thinnest. Considering RT, Group 1 produced the highest density, while Group 3 the lowest density. All the adhesives produced good results in terms of HL thickness and RT density.
INTRODUCTION
Hybrid Layer (HL) and Resin Tags (RT), due to the "total etching" technique, are the base of the micromechanical properties of dental adhesive technique 1, 2) . The HL consists of the interdiffusion of fluid resin within demineralized dentin collagen fibers: the term itself indicates the new-birth of a tissue made of collagen fibers and resin, which have replaced the hydroxyapatite crystals previously removed by etching 3, 4) . Furthermore, the diffusion of resin monomers into dentin tubules leads to the formation of resin tags, the role of which is still being debated 5, 6) . Some tensile tests carried out on coronal retention properties in vital teeth outlined the importance of the HL quality rather than RT length 7) . The modern restoration of devitalized teeth takes advantage of the mechanical properties of fiber posts, which have an elastic modulus similar to that of dentin: such characteristics may diminish the load stress transferred to the dentin and the possible consequent root fracture [8] [9] [10] . "Etch and rinse" adhesive systems may be used together with dual cements during the fixation of fiber posts: after the removal of the smear layer due to the etching, an adhesive must be used to link the dentin to the cement used to fix the post. Some studies highlight that "etch and rinse" systems may reach better results in terms of higher bonding strength due to a thicker HL 11, 12) and a higher density of RT 5, 13) when compared to the self-etching systems. A recent micro push-out test study 14) revealed that some self-etching systems exert high bonding strength levels, even though they created a discontinuous HL and short RT. Possibly, bonding properties could be explained with a strong chemical interaction, rather than micro-mechanical (HL and RT) forces. Some studies 15) highlighted the presence of anatomical differences which might modify the formation of HL and RT: the RT density is greater at the coronal rather than that at the apical third; some clinicalprocedures may influence the HL and RT formation: the usage of a microbrush 16) may help in the diffusion and carriage of the adhesive to the apical third.
The aim of this study was to perform a morphometric evaluation of the resin-root canal dentin interface (HL thickness and number of RT) of four "etch and rinse" adhesive systems, commonly used during the cementation of fiber posts through a Confocal Laser Scanning Microscope (CLSM). The null hypothesis tested was that the morphology (RT and HL) is not affected by the different types of adhesive "etch and rinse" systems investigated.
MATERIALS AND METHODS
Forty human upper anterior teeth (central incisors and canines) were extracted, cleaned with an ultrasonic scaler and stored in 0.1% thymol physiological solution. The crown of each tooth was sectioned perpendicularly to the long axis using a cylindrical diamond bur. Once access to the pulp chamber had been gained, the patency of the apical foramen was checked using a stainless steel size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland). The working length was measured by inserting the instrument into the root canal until it was visible at the apex with a stereomicroscope and subtracting 0.5 mm. Canal shaping was performed with a crown-down technique using ProTaper Universal and Pathfiles Nickel-Titanium rotary instruments (Dentsply Maillefer, Ballaigues, Switzerland) ( Table 1) .
During the shaping, 5.25% sodium hypochlorite
Morphological confocal laser scanning microscope evaluation of four different "etch and rinse" adhesives in post endodontic restoration (NaOCl) was used and lastly, an EDTA irrigation (Pulpdent, Watertown, MA, USA) for 120 s was carried out followed by 5.25% NaOCl and physiologic solution rinsing. After removing all excess liquid using sterile paper points, all canals were filled using a lateral condensation technique and AH Plus cement (Dentsply, York, UK). After 24 h, the post-space was prepared according to the manufactory up to the size of the fiber post n°2 (DT Universal drill and finishing drill DT n°1
and 2°, Dentsply, York, UK) in order to leave 3-mm of gutta-percha apically. In each tooth, the root dentin was etched with 37% phosphoric acid (3M ESPE, St Paul, MN, USA) for 30 s. The root dentin was copiously rinsed for 20 s and gently air dried to keep the surfaces visibly moist. The dentin surface was dried then with two paper points. The teeth were divided into four groups of 10 teeth each in order to study 4 different adhesives as follows: Table 1 Canal shaping procedure
Step Description The activator was applied directly into the canal with a paper point and was dried for 5 s; the primer was applied into the canal with a paper point and was dried for 5 s; the catalyst was applied into the canal with a paper point and on the post with a brush. 0.1% Rhodamine B Isothiacynate (RITC, Merck, Darmstadt, Germany) was added to the all different adhesive solutions. The marked adhesives were introduced into the root canal with an endodontic microbrush and the excesses were removed with paper points. The radicular dentin was dried with a gentle air stream for 5 s. The formulation of the resin bonding systems used are reassumed in Table 2 .
In each sample, DT Light Post Illusion fiber posts (Dentsply, York, UK, coronal diameter of 1.50 mm and apical diameter of 0.90 mm) were cemented using the dual-cured Surgi Dual Fló Core (Surgi MC Italia, Lainate, Italy). The resin cement was light-cured using a LED Light for 40 s (Elipar FreeLight 2, 3M-ESPE).
Two cross-sections of 2 mm thickness were obtained at 1.5 and 7 mm from the most coronal edge of the cementum-enamel junction, perpendicular to the post axis, using the Exakt cutting system (Exakt GmbH, Germany).
The cross-sections were fixed on slides using lightcured resin Technovit 9100 (Heraeus Kulzer, Wehrheim, Germany), and were smoothed with a Grindings Exakt system (Exakt GmbH, Germany) grain growing up at 4,000 rpm. A 24×32 mm cover glass was fixed laterally to the underlying experimental slide through the Technovit resin. The prepared cross sections were analyzed in CLSM (Leica, Heidelberg, Germany). All samples were observed and photographed using the Leica CLSM with integrated TCS SP2 (Leica, Heidelberg, Germany).
An ar/Kr mixed gas laser was used as a light source; the maximum wavelength of the excitation light was 543 nm while its intensity, as well as the amplification of the photomultiplier, was kept constant during the investigation period. CLSM images were recorded in fluorescent mode. The detected light was conducted through a 590 nm long-pass filter, thus fluorescent light emitted from the specimen was discriminated from reflected and scattered light.
A 40× oil immersion objective with numerical aperture of 1.25 was used. The size of recorded images was 200×200 μm 2 with a resolution of 391×391 pixel. In each analyzed section of the root four standardized areas were identified (corresponding to the four cardinal points or mesial, distal, buccal and lingual) according to Bitter et al. 13) . The resin tags linear density was calculated in a 80 μm length (e.g. number of resin tags along 80 μm of root canal wall) and the thickness of the hybrid layer (μm) was measured in both the coronal and apical areas. The final value for each sample corresponds to the mean of four different measurements carried out at four different locations.
Quantitative variables were tested for normal distribution by a Shapiro-Wilk test. Parametric variables were compared by means of two-tailed ANOVA: if this proved significant, a post hoc Bonferroni test was performed to define differences between groups. Significance at the p≤0.05 level was used to determine statistical significance. Statistical analysis was performed using the software Intercooled Stata 8.0 (Stata Corporation, College Station, TX, USA). 
RESULTS
Results regarding apical and coronal HL are summarized in Table 3 , while those concerning apical and coronal RT are shown in Table 4 . All adhesives produced good HL thickness and RT density in coronal ( Fig.1) and apical (Fig. 2) sections. Considering HL ( The HL was thicker for each type of adhesive at the coronal extremity (p<0.01, only XP was not statistically significant) compared to the apical one; the same results were obtained comparing the density of coronal RT with those found in the apical region.
DISCUSSION
Many studies highlighted the importance of the posttooth interface to prevent the leakage of microbes toward the apex 17, 18) and the failure of the post restoration 19) . The aim of our study was to obtain morphometrical information through CLSM about the adhesive interface (HL and RT) obtained by using 4 different dental adhesives: many studies 12, 20) showed the relation between a good ultrastructural performance (marginal seal of resin-dentin interface) and the characteristics (thickness and homogeneity) of the HL; further studies 6, 14) tried to understand, in fibre post systems, the RT role which seems to exert an important mechanical adhesion: the density seems to be more important than the length, but the matter is still unsolved.
In the last 10 years, thanks to laser light characteristics (i.e. coherence, intensity and frequency), CLSM was increasingly used to study many morphological features: thanks to these characteristics, aberration and diffraction artifacts are fewer than using optical light microscopy (incandescent lamp) and it is possible to observe the underlining planes without forming any halo. Moreover, this technique uses very low concentration of fluorochromes which are soluble in the adhesive liquids and seem not to change their properties 17) . Thanks to these and other characteristics (low prevalence of other artifacts i.e. shrinking, swelling, detachments which can happen using SEM), CLSM can obtain tridimensional high resolution images 5, 13) especially studying the interpenetration of different materials (adhesive -dental hard tissues), and it allows to have highly reliable results.
Our results show that all the studied adhesives, even with different characteristics, performed a wellrepresented HL and numerous RT, both in coronal and apical regions (Figs. 1 and 2) . Nevertheless, the null hypothesis was rejected since different etch and rinse adhesives highly influenced the morphologic features: MP showed the best morphological characteristics, performing an high HL and many RT; XP and Surgi had different characteristics, one being the opposite of the other: XP performed many RT and a thin HL, whereas Surgy performed fewer RT and a thick HL; NT showed Considering HL, MP showed the thickest values probably thanks to the three steps technique: many studies compared three steps versus one or two steps, outlining the best results of three steps in terms of HL thickness with uniform distribution along the whole dentin surface 17) . The reason for such results are still under study, but it is possible that the water-based primer could induce the moisturizing and the following distention of the collagen fibers no longer supported by hydroxyapatite crystals, thus favoring the penetration of resin monomers into a wider fibers network: some Authors reported good results of a "wet-bonding technique" which outline the importance of a soft drying of the etched surface in order to produce a wide HL thanks to non-collapsed collagen fibers 21) . Even if ethanol based bondings showed lower performances 22) especially in terms of survival rate, nevertheless Surgy showed good results in terms of HL: it is possible that the presence of ethanol into the bonding could have favor the production of a thick HL.
Considering RT density, CLSM images showed a well-represented number of RT for all the adhesives both in coronal and in apical area. The apical area has a lower number of RT not only because it is difficult to reach, but also because many studies described a lower density of dentin tubules in that area: Mjor et al. showed a reduction of the tubules number from 40,000 mm² in the coronal area to 14,400 in the apical area 15) . To this regard, it is important to stress that while the RT density is scarcely influenced by the direction of the cross section, the RT length depends greatly upon this parameter. If the cross section is not perpendicular to the long axis of the tooth, some dentinal tubules may appear shorter than they actually are. Moreover, the penetration of resin to the depth of the demineralized dentinal tubules (RT) produced by the etching agent has an important role in the reduction of microleakage 23) . Their formation contributes quantitatively up to onethird of the total shear bond strength, even though the long resin tags don't add more strength to resin adhesion in tubules 24) . Concerning the hybrid layer (HL), there is a correlation between hybrid layer and bond strength within 1 μm 24) and between HL and etching time: when the acid conditioning increased (more than 30 s) a deeper demineralization led the formation of a demineralized dentine zone within the hybrid layer, resulting in the reduction of bond strength 4, 25) . XP and MP produced the higher RT density among the studied adhesives, showing homogeneous and uninterrupted RT. It is possible that the presence of 2-hydroxyethyl methacrylate (HEMA) could have favored the deep penetration of the adhesive into the tubules. According to a study conducted the micropermeability of the dentin, HEMA seems to produce an hydrogel when mixed with water, especially in the bottom half of the HL: it is thus possible that HEMA produce a similar hydrogel 26) when is mixed with the water left in the tubules after the paper points drying: furthermore a great difference exist between the positive pressure within the tubules of a vital tooth and the absence of pressure of the tubules of an endodontically treated tooth. Even if our study outlined good results for all the adhesives, it should be important to correlate the morphological characteristics to the clinical outcome, in terms of post survival: such study seems particularly difficult due to the numerous variables involved in the survival rate of a restoration (i.e. adhesives, luting cements, root canal therapy, prosthodontic restoration etc), thus being much more simple an in vitro study. The major limit of our study was the impossibility to correlate the morphological results to a laboratory outcome such as tensile test or push-out strength test which could have given some information about the possible clinical performance of the different adhesives and outline which chemical products could favor the clinical performance.
Concluding, our study describes the morphological features of the HL and RT produced by 4 different adhesives through CLMS images: all the adhesives, even if with different characteristics, produced good results in terms of HL thickness and RT density both at coronal and apical region; nevertheless, while the three step adhesive (MP) engages in a better way the canal dentin in terms of the thickest HL and a high density of RT, the two step adhesives present a shorter clinical protocol which can be useful during clinical practice.
